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Abstract 
 
Evaluation, selection and finally decision making are all among important issues, 
which engineers face in long run of projects. Engineers implement mathematical and non-
mathematical methods to make accurate and correct decisions, whenever needed. As 
extensive as these methods are, effects of any selected method on outputs achieved and 
decisions made are still suspicious. This is more controversial and challengeable, where 
evaluation is made among non-quantitative alternatives. 
In civil engineering and construction management problems, criteria include both 
quantitative and qualitative ones, such as aesthetic, construction duration, building and 
operation costs, and environmental considerations. As the result, decision making 
frequently takes place among non-quantitative alternatives. It should be noted that 
traditional comparison methods, including clear-cut and inflexible mathematics, have 
always been criticized. 
This paper demonstrates a brief review of traditional methods of evaluating 
alternatives. It also offers a new decision making method using, fuzzy calculations. The 
main focus of this research is some engineering issues, which have flexible nature and 
vague borders. 
Suggested method provides analyzability of evaluation for decision makers. It is 
also capable to overcome multi-criteria and multi-referees problems. In order to ease 
calculations, a program named DeMA is introduced. 
 
 
Keywords: Qualitative evaluation, Fuzzy ranking, Fuzzy numbers, Decision support 
system, Scales models. 
 
Development of New Evaluation Methods for Qualitative Alternatives, Using Fuzzy Calculations 306 
Figure 1: System Design Algorithm (Amini, 2004, P. 17) 
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1.  Introduction 
Alternatives ranking, either in whole of a project such as architectural competition or in a part of that, 
affect future functionality. “Designers can reduce costs or improve project functionality by a well 
designed assessment program. Designers in any projects face goals, objectives, criteria, and 
alternatives” (Amini, 2004) Fig.1 shows position and interaction of those concepts. The most 
concerning division of this algorithm, which leads to accept or deny an option, is evaluating 
alternatives. 
Decisive factors in civil engineering and construction problems are mostly qualitative. As the 
result, engineers need some tools to model the problem correctly. The correctness, here, is more to be 
unclear and vague, because experts usually have an appropriate, but not state-able perception of 
different circumstances of decision making problems. They usually can understand problem’s concept, 
and choose the best without giving any explanation. It shows that a comprehensive model is 
significantly needed in order to utilize experts as evaluators and tend to state their thoughts in an 
analyzable and comparable form as well as to save the nature of each opinion which is a linguistic 
statement. 
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2.  Conventional and Previous Methods for Alternatives Ranking 
Each evaluation needs a scale for making comparison. Conventional methods are used regularly by 
engineers, but they still have some troubles in this system which is hidden behind their daily use. 
Conventional scales include ratio, interval, ordinal and nominal scales. (Merritt, 2002) 
Evaluation in ordinal scale is more common. Considering any available project, ranking n 
alternatives by m criteria is required. Decision Maker (DM) assigns a value to each criterion. Higher 
value assigned, more important it is. Also DM assigns values to indicate how much each criterion is 
satisfied compared with the others. Common method is to multiply each criterion weight to each 
related criterion’s satisfaction figure and sum up them in order to get the final result. The greater 
summation means a higher rank. The following formula shows the mentioned concept. (Merritt, 2002) 
 = ∑  . 
	
=1
 (1)
 
In which: 
vij is criterion Cj satisfaction by alternative Ai, 
Cj is importance of criterion Cj, 
And Vi is total point of alternative Ai. 
Alternatives are ranked in respect to Vjs. 
Application of ordinal scale is common. In this scaling system, the magnitude of a value means 
as a number which cannot be multiplied or added by another figure. Suppose a ranking in which 2 
alternatives are given, the first gains m points in a criterion weighted n, and the other is pointed n in a 
criterion which is weighted m. the principle of ordinal scale states that they are not the same, which 
means: m . n ≠ n . m 
In ordinal scale, this is the magnitude of a number which is important and arithmetic operations 
are not valid. This principle is neglected in the process of Eq. 1. (Athari, 2009) 
Some other difficulties of this method are: 
1. Logical contradiction, 
2. Non-flexibility, especially in qualitative evaluations by using crisp values, 
3. Noncompliance with the problem environment, 
4. Many engineers do not accept it 
In any decision making problem, there are some criteria which cannot be specified by crisp 
values, e.g. aesthetic, construction duration, environmental considerations, energy consumption, etc. 
DM also agrees that they are still uncertain and vogue. They are still using concepts which have some 
particular contradictions. 
Since “Fuzzy logic is a methodology for computing with words” and defines the unclearness 
(Zadeh, 1965), it has a good compliance with the present engineering assessments. If DM wants to 
define some sets for the mentioned concepts, obviously they will be fuzzy sets. It should be noted that 
common sense of these concepts is compatible with fuzzy sets, so DM can use some experts to assess 
alternatives and criteria in order to express their assessment in simple words such as good, worse, 
excellent, etc. Nevertheless it would be what referees want to say. (Diba, 2007) 
 
 
3.  New Methods Based on Fuzzy Calculation 
Many authors have worked on alternatives ranking by fuzzy concepts in recent decades (Raj and 
Kumar, 1997; Zhu and Lee, 1999; Adamo, 1980; Baas, 1977). Most of the offered methods are not 
appropriate for architectural competitions. The methods, presented here, are expected to be suitable 
because they include multi-criteria, multi-refereed decision making, which is applicable in architectural 
competitions. 
Suppose that a DM faces a problem of ranking m alternatives {A1, A2, …, Am} by k criteria 
{C1, C2, … , Ck} and asks n experts {E1, E2, …, En} to judge. Almost all referees prefer to declare their 
opinion by linguistic states. DM collects referees’ opinions in linguistic states and applies a method to 
calibrate them. Table 1 is a suggestive method to correlate linguistic variables to fuzzy sets stated by 
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Raj et al. in 1999. In fact this is a scale of preference information and should be finite, linearly ordered. 
This table is formed in respect to linguistics. Although each DM can take his/her own correlation in 
subjective problems, it is much better to have odd variables in order to define the medium. (Raj and 
Kumar, 1997) 
 
Table 1: Fuzzy Functions for Lingual Variables for Evaluation of Alternatives (Raj and Kumar, 1997) 
 
Variable Worst Very Bad Bad Below Average Average 
Above 
Average Good 
Very 
Good Excellent 
Fuzzy 
function 
(0/0
,1/2)
 
(0/0
,2/3)
 
(1/2
,2/3)
 
(3/4
,5/6)
 
(4/5
,5/6)
 
(5/6
,7/8)
 
(6/7
,8/9)
 
(7/8
,10/10)
 
(8/9
,10/10)
 
Sign W VB B BA A AA G VG E 
 
Fig 2 illustrates different functions used in Table 2 to define linguistic words. Distribution and 
coverage of functions at the domain seems to be desirable. Domain interval of 0.10 is selected. Experts 
express their views in form of Table 2. In this viewpoint, for example “good” is rational and words 
"more good" and "less good" are definable. 
 
Figure 2: Fuzzy Functions for Linguistic Variables (Raj and Kumar, 1997) 
 
 
 
 
4.  Calculation Method 
Each membership function, used at Table 1, is illustrated in Eq. 2. 
The constants written at the middle row of Table 2 are , , , and  respectively. 
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 (2) 
Hence, each referee can determine the following matrixes for weight of each criteria and also 
the degree of satisfaction for each criterion of the alternatives. That is: 
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1 2j j j kjC c c c = …   (3) 
1 2ij i j i j ikjA a a a = …   (4) 
kjc  indicates the degree of importance of criterion k in terms of referee j. ikja  is degree of 
satisfaction of criterion k by alternative i from viewpoint of judge j. Both are in the form of linguistic 
variables. Now, ijw  which is final weight of alternative i from viewpoint of referee j is calculable. ijw  
is calculated as follows: 
.
T
ij j ijw C A=  (5) 
Operator . is matrix multiplication but at this operator, multiplication and total elements are 
fuzzy. By calculation of all Wijs, the following matrix can be created in respect to all alternatives and 
judgments. 
1                mA A…  (6) 
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The number of columns of this matrix is equal to the number of alternatives and the number of 
rows is the same with the number of referees. In this matrix, if we sum up each column, result for 
alternative i is: 
1
n
i ij
i
W w
=
=∑  (7) 
At the recent equation, Wi can be termed as total point obtained for alternative i. Wi is a fuzzy 
number and  ∑ indicates fuzzy numbers summation. There are some methods to interpret Wi and 
finalize ranking: 
i. Firstly, similar to the Eq. 7, each column can be summed up in fuzzy form and then, it is turned 
into a real number through the application of a defuzzifier, and alternatives are ranked. Centroid 
defuzzifier is suggested. We call this method as "Fuzzy Summation Method". 
ii. Secondly, Instead of using   ∑ operator in Eq. 7, fuzzy aggregation operator can be used: 
                = ∐ 

=1  
 (8) 
In this condition, once DM calculates Criteria Importance Line (CIL) and compares each 
Alternative’s Performance Line (APL) with CIL. In brief, this method is called "Fuzzy Aggregation 
Method". Fuzzy numbers, which are in the form of fuzzy sets, are aggregated to produce a union set. 
The finally obtained set must be defuzzified. Similarly, centroid deffuzifier is suggested. In this 
method, points are obtained from diffuzification of aggregation of viewpoints and finally are connected 
to produce performance line. Then, an alternative will be selected as the best one, whose APL 
coincides with CIL or places with reasonable space at right. Obviously, this method is based on 
evidential analysis of diagrams, although DM can use absolute magnitude of differences between APLs 
and CIL as an index. 
 
 
5.  Disadvantages of Proposed Methods 
Generally, advantages achieved from ranking with fuzzy weights show preference of its usage 
compared with other methods. But, it should be noted some defects can be considered as follows: 
1. Decision makers can use different methods and final answer may differ partly. 
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2. Complexity of calculations of this method is more than ordinary methods, although this defect 
can be eliminated through setting up a program. 
 
 
6.  DeMA Program 
As mentioned previously, complexity of calculations is of disadvantages of these methods. Therefore a 
program was prepared by MATLAB which is called "DeMA" (Decision Making Assistant). Stages of 
this program are presented within an example. 
Suppose that in an architectural competition, 4 designs (d1, d2, d3, and d4) are submitted for an 
educational complex. Following criteria are presented: 
1. Day-light usage 
2. Flexibility of space for different applicabilities 
3. Construction duration 
4. Minimum requirement for repair and maintenance 
5. Aesthetics and attractiveness 
6. Compatibility with surrounding texture 
3 referees (r1, r2, and r3) are invited for judge. Decision maker (DM) requests them to 
announce their views within the framework of Table 2. 
Referees declare their opinions on significance of criteria and also quality of each design as 
tables 2. DM can make the final decision via using this information. 
 
Table 2(a): Opinion of Judges on Criteria 
 
 C 1 C 2 C 3 C 4 C 5 C 6 
R 1 W VB B BA A AA 
R 2 E AA VB E BA B 
R 3 G VG E W AA BA 
 
Table 2(b): Opinion of R1 on Designs 
 
1 C 1 C 2 C 3 C 4 C 5 C 6 
D 1 W G B BA A AA 
D 2 E AA VB E A W 
D 3 G E AA VG AA A 
D 4 AA E VB W E VG 
 
Table 2(c): Opinion of R2 on Designs 
 
R 2 C 1 C 2 C 3 C 4 C 5 C 6 
D 1 BA G A A AA E 
D 2 A A VB E W VB 
D 3 G A BA G W AA 
D 4 W A E W G VG 
 
Table 2(d): Opinion of R3 on Designs 
 
R 3 C 1 C 2 C 3 C 4 C 5 C 6 
D 1 AA G BA A BA A 
D 2 AA BA B G AA BA 
D 3 G VG A VG BA AA 
D 4 A BA B B AA VG 
 
There are repetitive variables on rows of tables and it means that referees can evaluate several 
criteria satisfaction of a design by the same linguistic states. 
Table 3 is calculated based on tables 2. D1 is regarded as the most appropriate alternative. 
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Table 3: Ranking Designs of Example 
 
Rank Alt. Points Relative of Points to the 1st (%) 
1 D 1 642 100 
2 D 3 569 89 
3 D 2 552 86 
4 D 4 413 64 
 
Relative point of each design is calculated to assess reliability of the comparison. The more 
difference it has, the more reliability is expected. 
In DeMa program, number of criteria, referees and designs are determined in the main page as 
it is shown by Fig 3. DM can define various types of fuzzy functions to create an advance in linguistic 
concepts as it seems at the top of Fig. 4. Table 3 is the output of DeMA which is same as Fig. 5. 
Analytical diagrams of criteria and performance of designs, as produced by DeMA, have been 
presented (See Fig. 6 and 7). 
In this program, number of criteria, referees and designs are determined at the main page as it is 
shown in Fig 3. DM can define various types of fuzzy functions to create an advance in linguistic 
concepts. 
Result is shown in Fig 5. Performance diagrams will appear by pressing “Plot” key. Horizontal 
axes cover interval value of 0.10. At criteria importance diagram, points which are obtained from 
deffuzification of total viewpoints are connected by dotted line which is CIL. 
 
 
Figure 3: Definition of quantity and name of judges, 
Criteria and Alternatives. 
Figure 4: The 3rd referee’s viewpoint 
 
 
Figure 5: Display of Result Figure 6: Importance of Criteria. Low-color lines: 
each judge viewpoint. High-color lines: 
aggregated viewpoints. Inclined line is 
CIL. 
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Figure 7: Performance of alternatives due to criteria based on viewpoint of judges. Dotted line: CIL which is 
the same in all Figures. (See Fig. 6) Dashed line: APL that is differing for each alternative. 
 
Figure 7(a): D3 Diagram Figure 7(b): D2 Diagram Figure 7(b): D1 Diagram 
 
 
 
 
CIL has been drawn in diagrams related to the performance of each alternative in order to 
compare importance of criteria with performance of each design. 
Before describing differences of Fuzzy Summation and Fuzzy Aggregation methods, it is very 
important to know that the best design has not been determined previously. Therefore, it can’t be said 
that a method is appropriate, which resulted to the presupposed design. That is why there are two 
methods to find the best in this paper, which will not necessarily result in same outcomes. DM can 
analyze differences between answers. 
 
 
7.  Analyzing the Results 
If an alternative produce excellent performance in all criteria, its performance line will be a vertical 
line at its right extreme points. Such an alternative will also be considered as the first in fuzzy 
summation method. In most decision-making cases which we will not face such a case, one of the 
alternatives whose APL is compatible with CIL or placed at right hand with reasonable distance is the 
best. Otherwise, the closest line to CIL may be referred as the best. 
Readers should note that criteria are not independent on each other in most problems. By 
increasing the performance of an alternative in a criterion, its performance may change the other 
criteria. In the other word, k criteria will not produce k-dimensional space subsequently. 
For example, the more the eye-catching a design is, the more cost will be increased and more 
safety and security will be reduced. Therefore, it is not necessarily that a good design produces high 
performance in a low-importance criterion, because it may cause probably inappropriate performance 
in other important criteria. 
On the other hand, the importance which referees have assigned to a criterion can be interpreted 
as the amount which the criterion should be satisfied by alternatives. Therefore, a design will be the 
most appropriate one, when it satisfies criteria as needed. 
The result obtained from fuzzy summation method and Fuzzy Aggregation Method, could be 
different or the same. For example, by analyzing Fig 7, D3 will be considered as the selected design 
which is second at table 5. If the two methods lead us to a united result, it will be more reliable, and if 
the results of methods differ, it is suggested to analyze the results by DM as well. 
In the example, D3 is at second place at table 5 with a little difference from D1 (about 11%), 
while it stands first in fuzzy aggregation method. Totally, d3 is selected as the most appropriate 
alternative. 
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8.  Conclusion 
With a brief review on common methods of ranking alternatives and mentioning their disadvantages, 
we presented two new methods which do not have those disadvantages of common methods. On the 
other hand, disadvantage of presented methods are mainly related to complexity of calculations, which 
is eliminated by developing DeMA. 
These methods contribute with DMs to appoint better decision. As it is named, this program is 
considered as an assistant of DMs and its final outcome is just a more precise suggestion. It is not a 
certain answer. It is all up to DMs to select the most appropriate design. 
The main difference between results of methods is related to the difference in their calculation 
procedure. In fuzzy summation method, if viewpoint of some referees are equal and/or coincident, due 
to sum operator, it is exerted the same as the number of referees with equal views. Then, adapted or 
coincident viewpoints are effective. But in fuzzy aggregation method, since aggregation of adapted 
functions is the same as originals, this method does not assume adapted viewpoints as many as they 
really are. Rather, at this method, opinions variation seems more important and creates greater change. 
Undoubtedly, the more the same jury viewpoints in a specific subject, the more the reliability 
and trust are achieved. (Athari, 2009) 
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